A standardized nutrition approach for very low birth weight neonates improves outcomes, reduces cost and is not associated with increased rates of necrotizing enterocolitis, sepsis or mortality TJ Butler, LJ Szekely and JL Grow OBJECTIVE: To assess how a standard practice for nutrition support in very low birth weight (VLBW) neonates would impact on their hospital course. STUDY DESIGN: This was a prospective, single center, before vs after comparison of a non-standardized approach to nutrition in VLBW neonates to a standardized approach. Standardization of feeding initiation, feeding volume and caloric advancement, management of feeding aspirates (residuals), use of starter parenteral nutrition (PN), use of breast milk and donor breast milk, initiation and discontinuation of intravenous (IV) intralipids, documentation of protein use, and utilization of percutaneously inserted central venous catheters were performed. Multiple outcome measures were evaluated. Fisher's exact, Mann-Whitney U-tests and w 2 tests were used for statistical analysis. RESULT: Sixty-nine infants in the pre-standardization (non-standardized) group were compared with 154 infants in the standardized approach group. Analysis was performed for each group as a whole. Statistically significant improvements were seen in multiple areas for the standardized group including the day of life birth weight was regained (Po0.0005), use of breast milk as the initial feeding (Po0.0001), use of starter PN on admission (Po0.0001), earlier time for initiation of PN (Po0.0001), decreased use of PN overall (Po0.0001), enteral protein use (Po0.0001), earlier time for initiation of IV intralipids (Po0.002), day of life for full enteral feeds (Po0.0005) and first day for initiation of enteral feeds (Po0.0001). Fewer infants born microcephalic at birth remained so at discharge in the standardized group as compared with the pre-standardized group (Po0.02). Similarly, less infants born small for gestational age at birth remained so at discharge in the standardized group as compared with the pre-standardized group (Po0.05). Two cases of necrotizing enterocolitis (NEC) occurred in the pre-standardization group and one in the standardized group. No coagulase-negative Staphlococcal infections or line infections occurred during the entire study period. Two cases of sepsis occurred in the pre-standardization group, both in infants o750 g. No cases of sepsis occurred in the standardized group. Cost savings were remarkable from decreased PN usage in the standard group. CONCLUSION: Implementation of a standardized approach to nutrition in VLBW infants reduces the use of PN thereby reducing cost, causes a more rapid regain of birth weight, decreases the number of babies that are small for gestational age and microcephalic at discharge, and decreases the time to full enteral feeds. No adverse increases in mortality, sepsis, NEC, coagulasenegative Staphlococcal infections or line infections occurred.
INTRODUCTION
Necrotizing enterocolitis (NEC) causes a significant number of deaths in neonatal intensive care units. 1 Prevention strategies to reduce the occurrence of NEC such as the promotion of human breast milk for feeding, early human milk enteral feeding and slower vs faster rates of feeding advancement have been recommended with varying results. [2] [3] [4] [5] [6] [7] Management of residuals (gastric aspirates) varies widely and has been considered an indicator for the presence of NEC but this association is not confirmed [8] [9] [10] and has even been considered erroneous. 11, 12 What is known, is that the delay in the initiation and advancement of enteral feeds is usually attributed to a fear of residuals. 11, 12 Fear of NEC leads to a widely varied, cautious, delayed approach to feeding very low birth weight (VLBW) infants but this may cause postnatal growth restriction. 12 In fact, low protein intake was considered the main cause of postnatal growth restriction in one article. 12 Postnatal growth restriction has been shown to cause deleterious effects on neurodevelopmental outcome. [12] [13] [14] [15] [16] Consequently, neonatologists are presented with the dilemma of trying to avoid NEC while simultaneously avoiding postnatal growth restriction and neurodevelopmental problems. This ambiguity results in a wide variation in feeding practice. Such issues include how physicians initiate feeds, advance feeds, increase calories for enteral feeds, manage residuals, use initial (starter) parenteral nutrition (PN), advance PN protein and intralipids, discontinue intralipids and decide when to discontinue central lines. In addition, how these nutrition issues may affect cost, age for attaining full enteral feeds, age for regaining birth weight, growth parameters, NEC, sepsis and line infection rates is not well studied.
Decreasing variation has been shown to improve health care. 17, 18 To our knowledge, no comprehensive, prospective, standardized (reduced variation) method describing such an approach has been published. In this article, we describe how a standard practice for early enteral nutrition support in VLBW neonates would impact on their hospital course and outcomes.
METHODS
This study was performed at the 59 bed level 3C (extracorporeal membrane oxygenation and cardiothoracic surgery capable) neonatal intensive care unit (NICU) at Akron Children's Hospital and the 17 bed, level 2, special care nursery leased by Akron Children's Hospital from Akron General Medical Center in Akron, OH, USA. Deliveries occur at Akron General Medical Center but not at Akron Children's Hospital. Eight neonatologists staffed both units on a rotating schedule every 2 weeks.
Before initiation of this project we achieved a low rate of line related sepsis by implementing a line practice bundle for percutaneously inserted central venous catheters. We routinely used a base solution (also called starter PN or starter hyperalimentation) of D10W, with 2% amino acids and 10 mEq of calcium per liter after birth. Fortification of caloric content was achieved with a non-Prolacta, powder-based human milk fortifier throughout the study.
Data were collected prospectively from 1 December 2008 until 31 August 2009 comprising the pre-standardization group. At this time, we had no standardized feeding protocols and feeding practices were entirely at the discretion of the attending neonatologist, except for the routine use of base solution and method for fortification of calories as described in the preceding paragraph. However, the timing of these interventions was up to the neonatologist and was also not standardized. This group was compared with a similar group of babies whose data was collected prospectively from 1 September 2009 until 1 November 2010 using the standardized approach. Before initiation of this standard approach, we developed an evidencebased protocol for feeding practices, aspirate management, feeding advancement and percutaneously inserted catheter usage. These documents were discussed among all the neonatologists, nursing leadership and nutritionist groups. Once they were approved, a multidisciplinary educational process was implemented before their introduction.
Infants were eligible for the study if they were p1500 g at birth, had no surgical abdominal condition such as a gastroschisis or bowel obstruction, were o24-h old on admission, had no genetic abnormality and who survived to discharge. Eight infants were excluded from the pre-standardization group resulting in 69 infants for analysis and 11 infants were excluded from the standardized group resulting in 154 infants for analysis.
Multiple outcome measures were evaluated. Fisher's exact, MannWhitney U-tests and w 2 tests were used for statistical analysis where appropriate. A P-value of o0.05 was considered significant. Graphpad Instat version 3 statistical software, Graphpad Software, San Diego, CA, USA (www.graphpad.com) was used.
This process was discussed with the institutional review board but did not require approval as it was felt to be an alteration of existing medical practice and was therefore deemed a quality improvement project not necessitating approval.
The standardized approach
The neonatologists agreed on the following standardized approach to nutrition in VLBW infants:
The following guidelines were named the Nutrition Group Guidelines and were attached to the accompanying documents referenced in this article as Figures 1 and 2 . All of these documents were available every day on rounds and accompanied the rounding teams for easy referral and to prevent lapses in memory.
1. Base solution (starter PN) was started as soon as possible in all infants o1501 g at birth.
2. Mother's milk was the preferred substrate for all infants o1501 g at birth. If no maternal breast milk was available by 48 h of age then donor breast milk was used unless a parental objection occurred.
3. Intravenous (IV) lipids were started on day of life two (for infants requiring PN) at 1 g kg -1 day -1 and advanced to 2 g kg -1 day -1 the next day. We recommended a maximum of 3 g kg -1 day -1
. The daily progress note template was changed to document lipid use in g kg -1 day -1 as a daily reminder. Lipids were discontinued once the infant was taking one-half the total desired daily volume enterally.
4. Enteral feeding was initiated by 24 h of age and advanced by following our Feeding Guideline for Infants p1500 g at birth ( Figure 1 ). PN vitamins were reduced at this point to one-half. IV protein was reduced to achieve our desired total daily protein amount (as explained above in number 6).
10. Residuals (aspirates) were managed by using the aspirate (residual) algorithm ( Figure 2 ).
The first paragraph in the Feeding Guideline for Infants p1500 g at birth reminded the rounding team of our purpose; why early enteral nutrition was so important. It also detailed our approach for feeding methodgravity vs feeds over a specified pump time vs continuous nasogastric feeds. We initially tried gravity feeds and if this was not tolerated because of aspirate issues then changing to feeds over a pump time of 1 to 2 h was recommended. If issues still arose with pump feeds then continuous feeds were recommended. In addition, it gave feeding advancement guidelines based on birth weight.
The aspirate (residual) algorithm clearly stated it was not an emesis or NEC guideline. It also reiterated the importance of early enteral feeds and our agreed on principles concerning residuals (which we determined from our literature review, which was partially quoted in the introduction). It reminded the rounding team about the importance of aspirate management in achieving full enteral feeds. Table 1 . There were no significant differences in birth weight, gender, race, completion of antenatal steroids, gestational age or mortality among the two groups.
RESULTS

Demographic characteristics are listed in
Outcome measures are listed in Table 2 . They will be discussed in groups.
Nutrition intake outcomes The use of protein fortification increased significantly. Intralipids were initiated earlier by 1 day on average and at greater levels and both of these factors were significant. Enteral feeds were started 42 days earlier on average and the day of life for achieving full enteral feeds was decreased by 3 days on average-both significant. PN use was decreased by an average of 5 days in the standard approach group, was initiated by 24 h of age in 100% of patients, and was used in 100% of the standard group on admission, a significant increase from pre-standardization. Enteral calories and volume were higher when PN was discontinued and enteral protein was greater when full feeds were achieved in the standardized group. IV amino-acid levels were greater on admission and were maintained at higher levels during use of PN in the standardized group. While breast milk was used more frequently as the initial feeding in the standardized group, there was no difference in the use of breast milk at full feeds or at discharge. There was no difference in the day of life that intralipids were discontinued.
Growth outcomes
Birth weight was regained on average 4 days earlier in the standard group when compared with the pre-standard approach. After implementation of the standard approach, we observed a significant reduction in the number of infants who were born microcephalic that remained so at discharge. This was also true for infants whose birth weight was o10th percentile small for gestational age (SGA) at birth as determined by the Fenton Growth Chart. Fewer of these infants remained SGA at discharge in the standard group. Of note, in the pre-standard group three babies born normocephalic became microcephalic at discharge and four babies born appropriate for gestational age (birth Standardization of nutrition practices on very low birth weight infants TJ Butler et al weights 10-90%) were SGA at discharge. This did not occur in the standard approach group.
Other outcomes There were no differences in the number of cases of NEC or sepsis. There was a significant reduction in the number of days that percutaneously inserted central venous catheter lines were used but no difference in the rate of line infections between groups.
Cost savings are listed in Table 2 . These figures are based on a daily patient cost (or charge) of PN of $500.00, while the cost to the hospital is $45.00 per day. The daily patient cost of intralipids is $50.00 and the hospital cost is $4.00 per day. The lipid cost savings are listed as potential savings from 4 less days of lipid use on average, although statistically there was no difference between groups.
DISCUSSION
Implementation of these feeding practices reduced variation and resulted in improved outcomes for our patients with no increase in adverse outcomes from NEC, sepsis, mortality or line infections. 
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In addition to achieving full enteral feeds in a significantly shorter time, we also regained birth weight sooner and most importantly, improved growth in both body weight and head circumference as evidenced from improved parameters at discharge. In the prestandard group, these parameters actually worsened with more babies discharged microcephalic and SGA than were present on admission. There is evidence that earlier initiation and achievement of full enteral feeding has been associated with better neurologic outcomes. 13 In addition, earlier administration of adequate IV protein improves the protein deficit described in VLBW patients. 16, 19, 20 We achieved a significantly earlier introduction of protein IV in the standard group. Although IV protein was discontinued earlier in the study group, it was maintained at higher levels until discontinuation and was supplemented with higher amounts of enteral protein and volume. This practice of earlier introduction of IV protein, and increased levels of IV protein for shorter periods when coupled with earlier initiation and maintenance of enteral protein at higher amounts, achieving full enteral nutrition sooner, and earlier and increased levels of intralipids led to an overall result of improving growth in these babies. Other investigators have reported that improvements in NEC rates, first day for enteral feeding initiation, decreased number of days of PN use and achievement of desired feeding volumes was improved by initiating standard feeding guidelines. 21, 22 These practices also impacted on our infection risk.
Indwelling central line use was significantly reduced, which decreases the risk from line infections, although our NICU had a low rate of line/coagulase-negative Staphlococcal (CONS) infections throughout the study. We feel our results may not have been achievable unless we first had adopted a line practice bundle that reduced our line infection rate to an extremely low level. For example, our unit had a consecutive 815-day period without a CONS line infection.
The reduction in use of PN was significant, and any reduction in exposure to PN further reduces the risk for infections, as well as PN-associated liver disease. 23 The use of intralipids decreased by 4 days on average and while this was not significant, on an individual case-by-case basis undoubtedly had benefit as prolonged lipid use is associated with an increased infection risk as well.
This study did not use Prolacta, which has been associated with a reduction in NEC. 24 However, we did not observe any detrimental effect by doing so. We used powder protein fortification during this study. Now there is a sterile liquid protein fortifier but this was not available to us during this study.
The use of breast milk initially may be protective against NEC 25 and we showed an improvement in the initiation of feedings with breast milk. However, we could not sustain the exclusive use of breast milk later in the hospitalization or at discharge. We did use maternal breast milk or donor breast milk exclusively until the infant reached 1500 g and was on full feeding volume then we introduced formula. This was due to the high cost of donor breast milk to our hospital. We also would not use donor breast milk if the mother had an objection to its' use but during this study only one mother declined donor breast milk and that was in the prestandard group. That baby did not develop NEC or sepsis and survived till discharge. Cost savings to patients were impressive primarily because of decreased use of PN. The key to using less IV nutrition and more rapid achievement of enteral nutrition is the management of residuals. Our aspirate algorithm accomplished our goal of standardizing our unit's approach to residuals enabling us to reach full enteral feeds faster. This significantly reduced delays in enteral feeding advancement at no adverse medical consequence to the patient. One can only wonder how much money could be saved annually in this country if every NICU used less PN.
One reason we achieved our goals of increased protein, lipid and calories was that we changed our daily progress note template. This initially was done on paper then converted to an electronic medical record template when our hospital went paperless. It reminded the rounding team to calculate daily enteral, IV and total amounts of these nutrients thereby ensuring an adequacy of caloric intake. So for example, when enteral levels of protein were increasing the IV protein could be reduced but still maintenance of the goal of 3 to 4 g kg -1 day -1 of total protein could be achieved. Before changing the note, protein levels in the pre-standardized group were significantly lower in PN when it was discontinued, as well as enterally at full feeds when compared with the standardized group. Also, enteral calories and volume were significantly lower when PN was stopped. Having the Feeding Guideline for Infants p1500 g at birth, Nutrition Group Guidelines and aspirate (residual) algorithm present on rounds daily allowed the team to easily access our agreed on practices and refer to them when their memory lapsed. This non-reliance on memory was instrumental to the success of this project.
Assessing compliance is important to any new initiative. By tracking whether or not you are actually doing what you said you would do clearly demonstrates lapses in practice and provides opportunities for improvement. This helps maintain the gains you have seen. Random safety audits are an easy to use tool to assess compliance and have been used in the medical field. 26, 27 Since the conclusion of this project we have performed random safety audits of each element of our guidelines several times a year. To date, we have maintained an overall compliance rate of 94% with Abbreviations: NEC, necrotizing enterocolitis; NS, not significant.
Standardization of nutrition practices on very low birth weight infants TJ Butler et al our processes. This is reported back to the neonatologists at our weekly division meeting. In addition to random safety audits, we compare our growth outcomes to other similar NICUs by using the Child Health Corporation of Americas data base for babies 22 to 29 weeks gestation. For example, since 2010 our NICU's average rate of weight accretion is better than other centers by 0.8 g kg -1 day -1 . Although our mean head circumference at birth is similar to other centers (24.1 vs 24.4 cm), at discharge we have a greater mean head circumference (33 vs 31.5 cm), less microcephalic babies o10th percentile (12.5% vs 27.6%), less microcephalic babies o3rd percentile (2.5% vs 13.1%) and our average head growth is 0.1 cm per week greater for all infants including SGA babies. These data have remained consistent through the end of 2012.
Naturally, the results from a single center study may not be applicable to all centers. Every NICU should develop their own local consensus on what practices they feel they can support given their individual context. When clear scientific evidence is lacking, however, we feel just following the status quo will not cause improvement so the best evidence available should be used in an attempt to improve outcomes. This is the foundation of our NICUs culture and led us to change our nutrition practices. Hopefully, this study will be used by other centers as a reasonable approach to build on.
Reducing variation in nutrition practices can significantly improve outcomes for VLBW infants without adverse effects.
By implementing these changes and tracking compliance with the protocols, these benefits may be sustained and lead to impressive cost reductions. Standardization of nutrition practices on very low birth weight infants TJ Butler et al
